Summary
Human polymorphonuclear leucocytes (PMNL) are phagocytic cells which contribute to the defence against invading bacteria. At the beginning of this century, Rubin [1] and Graham [2] noted suppression of PMNL by anaesthetic agents, which resulted in worsening of infection. More recently, the influence of anaesthetics on PMNL motility has been studied [3] . However, there is no information on their effects on the interaction between PMNL and pathogenic bacteria. Using a fluorescence microscopic method, we have examined the influence of thiopentone, etomidate, ketamine and flunitrazepam on phagocytosis and killing of Staphylococcus aureus and Escherichia coli by PMNL in vitro.
Materials and methods
Permission to conduct the study was obtained from the Ethics Committee of the Medical Faculty of Justus-Liebig-University, Giessen.
BLOOD SAMPLES
Venous blood samples (ethylenediaminetetraaceticdipotassium 1.5 mg ml
91
; Sigma, Deisenhofen) were obtained from 10 healthy male volunteers (mean age 29 yr, weight 75 (SD 8) kg, height 1.80 (0.05) m).
ISOLATION OF PMNL
PMNL were isolated using a method described by Eggleton, Gargan and Fisher [4] . Blood samples were mixed with distilled water in a proportion of 1 to 5 to lyse the erythrocytes. After 20 s, an isotonic state was restored by addition of 2.7 % saline (Merck, Darmstadt). After centrifugation at 160 g for 10 min at 20 °C, the supernatant fluid was decanted. The cell pellet was resuspended in 10 ml of Hanks balanced salt solution (HBSS; Sigma, Deisenhofen) and centrifuged at 55 g for 10 min at 20 °C. After decanting and addition of 5 ml of HBSS, further centrifugation was conducted at 55 g for 5 min at 20 °C. The purity of the PMNL yield was evaluated microscopically and the viability was confirmed as . 95 % by the trypan blue exclusion test [5] , PMNL concentration was adjusted to 5 10 6 cells ml 91 by adding HBSS.
PHAGOCYTOSIS AND KILLING OF BACTERIA
A modification of the method described by BellinatiPires and colleagues [6] was used to examine the influence of anaesthetics on phagocytosis and killing of bacteria by PMNL. After culture on blood agar plates at 37 °C for 24 h, Staphylococcus aureus (serovar K:807) and Escherichia coli (serovar O:6) were inoculated to Todd Hewitt nutrient broth (Biotest, Dreieich) and incubated at 37 °C for 24 h. After centrifugation at 1000 g for 10 min at 5 °C, the concentration of bacteria was adjusted to 1 10 9 ml 91 using phosphate buffered saline (PBS; Gibco, Karlsruhe). After additional dilution with HBSS in a proportion of 1 to 10, 1 ml of AB pool serum was added per 10 ml of suspension. After vibromixer incubation at 37 °C for 30 min, the suspension was centrifuged at 1000 g for 3 min. The supernatant was decanted and the concentration of bacteria adjusted to 100 10 6 ml 91 using HBSS. PMNL suspension 195 l, bacteria 195 l, and the anaesthetic to be tested were poured into a test tube. After incubation for 30 min at 37 °C, phagocytosis was stopped by adding 1 ml of ice-cold HBSS. After centrifugation at 160 g for 7 min at 4 °C, the supernatant was removed carefully, and 200 l of acridine orange (200 g 10 ml 91 HBSS; Merck, Darmstadt) and 800 l of ice-cold HBSS were added. After centrifugation at 160 g for 7 min at 4 °C, the supernatant was decanted. Then 200 l of crystal violet (500 g 10 ml 91 isotonic saline; Sigma, Deisenhofen) and 800 l of ice-cold HBSS were ) correspond to the peak concentrations in serum after clinically relevant i.v. doses [7] [8] [9] [10] . HBSS was used to dilute the anaesthetic agents and additives. The corresponding volumes of HBSS were added to the control tubes.
STATISTICS
All tests were performed in duplicate and the means taken. The Pearson Stephens test was used to check normal distribution, and the Bartlett test to examine homogeneity of variance (P -0.1). If the requirements were met, analysis of variance for repeated measures and Scheffé test were conducted. If the requirements were not fulfilled, Friedman analysis of variance and Miller test were performed. A probability of P -0.05 was regarded as significant.
Results
Both concentrations of thiopentone significantly (P -0.001) inhibited phagocytosis ( In general, there was no significant alteration in percentage of killed to phagocytosed bacteria (tables 5, 6), except for the high concentration of thiopentone (P : 0.01) (table 5).
Discussion
After their production in bone marrow in response to granulocyte colony stimulating factor (G-CSF) and granulocyte-monocyte colony Stimulating factor (GM-CSF), polymorphonuclear leucocytes (PMNL) [11] [12] [13] are released into the blood. In the presence of infection, there is an increased adhesion of PMNL to endothelial cells caused by chemotaxins. The most important are complement factor C5a, N-formylated peptides produced by bacteria and leukotriene B4, which is generated by PMNL, monocytes and macrophages. After they have penetrated the vessel wall, PMNL approach the micro-organisms, which are generally covered with opsonins (complement factor C3b, immunoglobulins). PMNL link with the bacterial opsonin receptors and phagocytose them. PMNL possess many oxygen-dependent and -independent bactericidal mechanisms. Oxygen-dependent killing commences with the so-called "respiratory burst". In the course of this process, superoxide anion ( O2 9 ) is produced by a NADPH-dependent oxidase. Several microbicidal oxidants arise from O2 ) and hypochlorous acid (HOCl) are the most important. Several agents contribute to oxygenindependent killing, for example lysozyme, cathepsin G, lactoferrin, bactericidal permeability-increasing factor and defensins.
There are several methods of investigating phagocytosis and bactericidal activity [14] . For example, phagocytosis can be measured by the ingestion of labelled particles or oil red-stained droplets. The time-consuming plating technique makes measurement of intracellular killing possible. We decided in favour of the acridine orange /crystal violet staining method because it allowed us to differentiate clearly between extracellular and intracellular as well as between vital and killed bacteria. In our study, it was more difficult for PMNL to phagocytose and kill Escherichia coli than Staphylococcus aureus which is probably because of the considerable differences between the structures of gram-positive and gram-negative bacterial cell walls [15] .
It is well known that thiopentone has adverse effects on PMNL functions in vitro. For example, inhibition of chemotaxis [3, [16] [17] [18] , chemiluminescence [19] [20] [21] , adherence [22] , oxygen consumption and aggregation [23] has been observed. We showed that thiopentone impaired phagocytosis and killing of gram-positive Staphylococcus aureus and gram-negative Escherichia coli. These findings are compatible with an investigation conducted by Moudgil [24] , which demonstrated inhibition by thiopentone of the phagocytosis of heat-inactivated Staphylococcus aureus. We also showed that the additive, sodium carbonate, which was ignored by many former investigators, was also active. The underlying mechanism, however, is still unclear. The assumption that sodium carbonate changed the pH of our preparation was not confirmed.
A clinically relevant concentration of etomidate significantly inhibited phagocytosis and killing of Staphylococcus aureus and Escherichia coli. It was a surprise that the greater concentration was not as effective. So far, we have no explanation for this. Furthermore, it is remarkable that although the solvent, propylene glycol, did not affect phagocytosis and killing of Staphylococcus aureus, it significantly impaired that against Escherichia coli. At present, there are few studies on the influence of etomidate on PMNL functions. It suppresses adherence [22] and chemiluminescence [25] , but has no influence on chemotaxis [3, 17] . Ketamine suppressed both phagocytosis and killing of Staphylococcus aureus and Escherichia coli. Its additive, benzethonium chloride, impaired phagocytosis of Staphylococcus aureus alone. Our findings confirm those of Moudgil [24] who observed inhibition of the phagocytosis of heat-inactivated Staphylococcus aureus caused by ketamine. Moreover, ketamine suppressed PMNL adherence [26] whereas there was no effect on chemotaxis [3] , oxygen consumption or aggregation [23] .
Phagocytosis and killing of Staphylococcus aureus and Escherichia coli were impaired significantly by flunitrazepam except for the lesser concentration in the case of the phagocytosis of Staphylococcus aureus. The commercial preparation of flunitrazepam contains the additives benzyl alcohol and ethyl alcohol. Both exerted an influence on PMNL functions. There is little previous work on the effects of flunitrazepam on PMNL. At high concentrations, it reduced the production of components of the oxygen-dependent bactericidal system [27] [28] [29] .
In conclusion, clinically relevant concentrations of thiopentone, etomidate, ketamine and flunitrazepam impaired phagocytosis and killing of bacteria by PMNL in vitro. The additives sodium carbonate, propylene glycol, benzethonium chloride, benzyl alcohol and ethyl alcohol contributed to the effects. The exact underlying mechanisms, however, are still unknown. Disturbance of opsonin receptor interaction may be important in phagocytosis and impaired production of aggressive oxygen derivatives in bactericidal activity.
Because in vitro investigations have their limitations, the importance of our findings must not be overestimated. For example, the concentrations of anaesthetic agents in infected tissues are unknown. Further studies are necessary to determine if the observations are of clinical relevance. However, Braun, Levin and Clark [30] showed that thiopentone, in contrast with corticosteroids, induced a significantly greater incidence of pneumonia in ventilated head trauma patients.
